Abstract In the present study, a simultaneous sample preparation method for the determination of 3-monochloropropane-1,2-diol (3-MCPD) and polycyclic aromatic hydrocarbons (PAHs) in different foodstuffs has been evaluated. Sample preparation procedure involved acetonitrile extraction/ partitioning and cleanup by dispersive solid phase extraction with the final detection by gas chromatography coupled with mass spectrometry. The experiment demonstrated that freezing out of the sample extracts prior to dispersive solid phase extraction (d-SPE) cleanup step gave better results in removal of undesirable matrix constituents although with slightly lower recovery values. The addition of higher amount of MgSO 4 has contributed to increased values of polycyclic aromatic hydrocarbon recovery, in contrast to 3-MCPD for which the recoveries were insignificantly lower when MgSO 4 was added. Finally, a simultaneous chromatographic measurement has revealed that quantification of PAHs was not effective due to signal enhancement resulted from the presence of derivatisation products. However, the presented concept can be streamlined and an interesting analytical approach providing good validation parameter values: recoveries within the range 50-110 % for PAHs and 76-107 % for 3-MCPD, precision not exceeding 16.5 % (PAHs) and 7.7 % (3-MCPD) and quantification limits lower than 0.9 μg kg −1 for PAHs and 9.3 μg kg −1 for 3-MCPD.
Introduction
Nowadays, researchers and specialists involved in analysis of food contaminants seek new universal methods of sample preparation that could be used for simultaneous determination of many undesirable components in food samples. These simultaneous analytical procedures shorten time needed to sample preparation and reduce the amount of reagents. Nevertheless, the main challenge is the assurance of reliable analytical results of target contaminant determination considering their different physicochemical properties such as polarity, volatility and solubility in a wide range of solvents. The procedures of simultaneous preparation of food samples and determination of various contaminants therein have been developed initially for halogenated contaminants and polycyclic aromatic hydrocarbons in fish and shrimps (Kalachova et al. 2011) , polycyclic aromatic hydrocarbons (PAHs) and pesticides in fresh herbs (Sadowska-Rociek et al. 2013 ), 3-monochloropropane-1,2-diol (3-MCPD) and acrylamide in different foods (Xu et al. 2013) , chloropropanols, acrylamide and ethyl carbamate in fermented products, flavouring and related foods (Mo et al. 2014) . However, foregoing studies are related mainly to compounds having similar polarity and lipophilicity. So far, no attempts of simultaneous sample preparation step concerning the compounds with totally different features such as 3-MCPD and PAHs have been undertaken.
As mentioned before, these methods should comply with all the criteria set for the analysis of individual compound but, at the same time, should be fast, simple and safe for operators and the environment, with a small amount of samples and hazardous reagents needed. One of such methods is the Quick, Easy, Cheap, Effective, Rugged and Safe (QuEChERS) approach that has been used extensively with slight modifications of solvents and sorbents for more than 12 years. Besides pesticides, the method is commonly applied for the determination of other organic contaminants such as mycotoxins (Rejczak and Tuzimski 2015) , pharmaceuticals (Núñez et al. 2015) , polycyclic aromatic hydrocarbons ( R e j c z a k a n d Tu z i m s k i 2 0 1 5 ) a n d , f i n a l l y, 3 -monochloropropane-1,2-diol (Sadowska-Rociek and Cieślik 2015a) in different food samples.
These two last groups of compounds are often found together in the same food products that have been previously heat-treated in the processes of baking, grilling, smoking or roasting. Hence, the presence of PAHs and 3-MCPD can be observed in bakery products such as sweet and savoury biscuits, grilled or smoked meat, fish and cheese but also in cereal and instant coffee. Because of potential carcinogenic and toxic properties of PAHs (IARC 2014) and 3-MCPD (European Commission 2001), they were considered harmful to human health and therefore maximum levels in specific foods for them were established by European legislation (European Commission 2006 , European Commission 2011a . This entails an obligation to monitor their presence in food using appropriate analytical methods.
However, previously mentioned products, especially food of animal origin, contain high content of fat that may influence on an analytical signal but also contaminate the components of gas chromatograph and mass spectrometer. Aside from the use of expensive sorbents such as Z-Sep (Rajski et al. 2013) , storing the extract in a freezer (below −20°C) is a cheap alternative to reduce the amount of fatty matrix interferences. After freezing, an aliquot can be easily taken and then the extract can be quickly filtered (Nácher-Mestre et al. 2014) . Nonetheless, the process has to be done quickly after removing the extracts from the freezer to prevent the precipitated matter from re-dissolving. In the original QuEChERS method, designated for pesticide residue determination in food of plant origin (European Committee for Standardization 2008), the freeze out method is described by removal of the precipitate by centrifugation. However, this demands for a centrifuge with a cooling option to maintain low temperatures (Norli et al. 2011 ). Another disadvantage is that freezing as a cleanup step may deteriorate the content of the analytes in the extract because some of the compounds, especially lipophilic ones such as PAHs, may be removed together with fat. Thus, in case of these compounds, thorough and detailed investigation of freezing usefulness should be carried out. To our best knowledge, freezing out and fat removal have not been applied yet under determination of PAHs and 3-MCPD in food.
In this work, we evaluated the application of QuEChERS method for the simultaneous sample preparation step in the determination of PAHs and 3-MCPD in selected foodstuffs. The experiment involved the assessment of usefulness of freezing out step, the necessity of MgSO 4 addition and the possibility of simultaneous gas chromatography coupled with mass spectrometry (GC-MS) analysis of investigated compounds. In the last stage of the study, the developed procedure has been subjected to validation protocol.
Materials and Methods

Chemicals and Reagents
Hexane, chloroform, acetone and acetonitrile, HPLC grade for liquid chromatography LiChrosolv®, were purchased from Merck KGaA, Germany. Magnesium sulphate anhydrous p.a. and sodium chloride p.a. were purchased from Chempur S.A., Poland. Primary secondary amine (PSA), strong anion exchange (SAX), and C 18 (octadecyl) SPE Bulk Sorbent were derived from Agilent Technologies, USA. EPA 525 PAH Mix-B ( c o n t a i n i n g a c e n a p h t h y l e n e , a n t h r a c e n e , b e n z o [ a ] a n t h r a c e n e , b e n z o [ b ] f l u o r a n t h e n e , benzo [k] ) and working (2 μg mL 
Instrumentation
PAH and 3-MCPD analyses were performed using Varian IonTrap 4000 GC/MS (Varian, Inc., USA) with a CP-8410 auto-injector (Bruker, USA) with DB-5MS column (30 m × 0.25 mm × 0.25 μm; Agilent Technologies, USA). The injector temperature was set at 270°C, and injection volume was 1.0 μL. Each injection was performed in triplicate. The GC oven was operated with the following temperature program: 50°C (1.0 min), 15°C min . The emission current of the ionisation filament was set at 15 μA.
The ion trap mass spectrometer was operated in the internal ionisation mode. The trap and the transfer line temperatures were set at 180 and 230°C for 3-MCPD analysis, 220 and 270°C for PAH analysis and 200 and 250°C respectively for simultaneous analysis of PAHs and 3-MCPD. Analyses were conducted in the selected ion monitoring (SIM) mode based on the use of one quantitative ion of PAHs and PBA derivatives of 3-MCPD. Confirmation ions and retention times were also used to ensure identification of the analytes (Table 1) . Acquisition and processing data were performed using Varian Start Workstation software and NIST 2.0 library.
MS1 Minishaker (IKA, Germany) and MPW 350 R Centrifuge (MPW Med. Instruments, Poland) were used during sample preparation. Accublock TM (Labnet, USA) with nitrogen 5.0 (Linde Gas, Poland) was accomplished to evaporate solvents and concentrate the extracts.
Sample Preparation
In the experiment, the samples of traditional Polish smoked cheese, smoked ham, smoked fish, sweet and savoury biscuits (crackers), cereal coffee and natural instant coffee delivered from a local market were used for the preparation of blank and spiked samples. Recovery studies involved three samples being spiked at the level of 20 μg kg −1 with the PAH standard solution, chrysene-d 12 solution, 3-MCPD solution and 3-MCPD-d 5 solution. Blank samples and reagent blanks were prepared similarly to the fortified samples. In brief, the final extraction process was performed using water and acetonitrile followed by addition of NaCl and MgSO 4 (Fig. 1) . The slurry obtained was thoroughly shaken by hand and centrifuged. Then, in case of samples with high fat content (fish, cheese, ham, biscuits and crackers), an additional low-temperature clean step was performed before dispersive solid phase extraction (d-SPE). An aliquot of the supernatant was transferred into a glass vial and stored for overnight in a freezer (−18°C). Thereafter, the extract was immediately filtrated in a freezer by filter paper to remove precipitated co-extractives. Next, the supernatants of coffee extracts or previously obtained filtrates were cleaned up by appropriate sorbents (according to the scheme at Fig. 1 ) and MgSO 4 . The tubes were subsequently hand-shaken and centrifuged. Afterwards, the extract was divided into two parts. One part of the extract was evaporated under a stream of N 2 to dryness; Fig. 1 Schema of the sample preparation procedure the residues were dissolved in NaCl solution and derivatised with PBA. The second part of the extract was subjected to the dispersive liquid-liquid microextraction (DLLME) procedure. Finally, the received solutions were analysed by GC-MS.
Standards Preparation
3-MCPD Analysis
A series of standard solutions in NaCl solution were prepared by dilution of the standard mixture solution at the following concentrations: 0, 0.5, 2, 5, 10, 20, 40, 70 and 100 ng mL −1 . The calibration solutions were treated in a similar way to the samples. The GC-MS chromatogram of standards at the concentration of 40 ng mL −1 in hexane is displayed in Fig. 2a .
PAH Analysis
A series of standard solutions in hexane and in examined matrices were prepared by dilution of the standard mixture solution at the following ranges: 0.1, 1, 5, 10, 40, 70 and 100 ng mL −1
. Each standard solution contained 100 μL of the anthracene-d 10 solution. GC-MS chromatogram of standard solution at the concentration of 40 ng mL −1 in hexane is presented in Fig. 2b . Calibration curves for all compounds were constructed by plotting integrated peak areas, divided by the area of syringe standard, against concentrations of compounds. Peak areas have been reduced by the area of the peaks of compounds derived from blank matrix (or hexane).
Results and Discussion
Optimisation of Sample Preparation
The main goal of our research was to evaluate a simultaneous sample preparation step for determination of PAHs and 3-MCPD in the selected foods. The proposed analytical procedure was partially based on our previously developed methods for PAHs and 3-MCPD analyses (Sadowska-Rociek and Cieślik 2015a, b), including the selection of sorbents and volumes of solvents used in DLLME technique, but some other necessary optimisations of our proposed concept were performed.
In the first stage of the experiment, an effectiveness of freezing out on different steps of the sample preparation was tested. The experiment was conducted for the samples with a higher fat content: smoked fish, smoked cheese, smoked ham, crackers and biscuits. As mentioned before, no data concerning effectiveness of freezing out have been available for PAHs and 3-MCPD analyses. Thus, two variants were investigated: (1) freezing the extract sample after the extraction and prior to cleanup using d-SPE, and (2) freezing after d-SPE. The yield of both variants was assessed on the basis of the recovery values, and the presence of interferents in the sample chromatograms was also taken into consideration. The percent recoveries were calculated by subtracting values in a blank sample from values in a spiked sample and in respect to existing limits: 50-120 % for PAHs and 75-110 % for 3-MCPD (European Commission 2011b).
Recoveries of PAHs and 3-MCPD calculated for two tested variants are displayed in Fig. 3 . To facilitate the interpretation, the results for PAH markers (European Commission 2011a) were only presented. The recovery values were comparable in both variants, being slightly higher for the samples that had been frozen out after the process of d-SPE, in particular for benzo [b] fluoranthene and 3-MCPD. This would have suggested that this variant was more recommended. However, considering the GC-MS chromatograms (Fig. 4 , example of smoked fish) of the samples wherein the freezing was applied in both versions, it has been concluded that freezing out the extract prior to d-SPE had led to removal of more undesired components of the matrix. Therefore, in view of above results, The next step of the method optimisation was to verify whether the addition of MgSO 4 is necessary in the sample preparation process. In original QuEChERS method, anhydrous MgSO 4 is added twice to remove residual water from acetonitrilic layer through its binding. In almost all studies relating to the usage of QuEChERS method for the determination of contaminants in foods, MgSO 4 has been always added. In our recent research, concerning the determination of 3-MCPD in coffee samples, MgSO 4 was not used, and the recovery rates of 3-MCPD were still within acceptable limits. Similar studies for PAHs, however, have not been conducted yet. The experiment was planned using the simplest central composite design (CCD) 2 k + 1 (Li et al. 2015) where k was equal to 2 because two factors were investigated: (1) amount of MgSO 4 utilised in extraction step (0-4 g) and (2) amount of MgSO 4 added in d-SPE clean up (0-0.9 g). Hence, five variants (A-E) were tested: four combinations of minimal and maximal values of MgSO 4 amount and one point with the mean values of the scopes (Table 2 ). Figure 5 depicts the recoveries in tested combinations. Because the results obtained were similar for all food products, the graph presents entirely the average recoveries of all matrices to make the plot more concise. The PAH recoveries within established limits for all compounds were obtained only in the samples where MgSO 4 was used both during extraction and cleanup (variant B). In the samples without the addition of MgSO 4 (variant D), recovery values were below an acceptable limit (50 %) with the exception of acenapththylene and fluorene. In the variant A, the recoveries were also acceptable but not for all compounds. Variant C resulted in proper recoveries only for light compounds. Finally, for variant E, the recoveries were comparable with the variant B being within established range of 50-120 %, except for indeno [c,d] pyrene and dibenzo [a,h] anthracene. Hence, it has been stated that the addition of MgSO 4 under the extraction step affects more the recovery values than the addition in cleanup step. In contrast, the 3-MCPD recoveries Values in brackets are points in central composite design were within acceptable limits for all variants being slightly lower in the samples where MgSO 4 was applied. Surprisingly, comparing the appearance of PAH chromatograms, especially these obtained from natural instant coffee (Fig. 6) , it has been discovered that the extracts of the samples with the addition of magnesium sulphate (B, C and E) contained more undesirable compounds than the sample extracts where MgSO 4 was not used. This phenomenon could have been explained by an insufficient purity of magnesium sulphate, but this hypothesis has not been confirmed in the analyses of reagent samples. Another supposition was that elevated temperature arising from the addition of MgSO 4 could have released certain compounds such as caffeine (the biggest peak in Fig. 6 ) from coffee samples. However, previously performed studies in this area (Forsberg et al. 2011) reported that increased extraction temperatures resulted from the addition of magnesium sulphate can rather disrupt analyte-matrix interactions and therefore improve the extraction yield, which is in opposite with our findings. However, in case of certain matrix components, it seems that the presence of Table 2) MgSO 4 contributes to transfer these substances together with the analytes into acetonitrile extract. Finally, the increased amount of co-extractives in the samples with MgSO 4 added could have been an effect of improved performance of the extraction process. Anyhow, to summarise, it was found that due to the appropriate value of PAH recovery, the use of MgSO 4 is a crucial factor during simultaneous sample preparation step despite of the presence of some interferents in the extracts. However, the outcomes give rise to further investigation of the use of MgSO 4 in QuEChERS method.
Finally, the possibility of simultaneous chromatographic analysis of PAHs and 3-MCPD was investigated. For this purpose, the sample preparation process was modified. Two milliliters of solution after d-SPE was derivatised as in case of 3-MCPD analysis, and the extract was subjected to GC-MS assay with slight changes of mass spectrometer temperatures and initial column temperature program leading to revised retention times for chloropropanols. Theoretically, this extract should contain PBA derivatives of chloropropanols and PAHs that are inert and chemically stable so it should not undergo the derivatisation process.
A series of standard solution of PAHs and chloropropanols in hexane were analysed simultaneously and also in two other analyses, dedicated for PAHs and chloropropanols separately. The differences between the slope coefficients of calibration curves (f factor) are presented in Fig. 7 . The coefficients of calibration slope obtained in separate analysis of PAHs and chloropropanols were established as 100 % to facilitate the comparison. Comparable values (up to 10 %) were obtained only for 3-MCPD and for light PAHs (acenapththylene, fluorene, phenantherene), pyrene and benzo [b] fluoranthene. For other PAHs, studied coefficients were significantly higher as the effect of the signal enhancement resulted from the presence of some compounds having identical ions as polycyclic aromatic hydrocarbons. For example, the signal for benzo [a] anthracene, chrysene and chrysene-d 12 was increased by the presence of ions in the scopes 226-240 (Fig. 2c) . These interfering compounds were formed probably from phenylboronic acid under derivatisation process.
Another pitfall of simultaneous GC-MS measurement was the optimisation of ion trap and transfer line temperature. According to the principles of mass spectrometer operating conditions, the temperature of ion trap should be 50-75°C below the highest temperature for the GC column temperature ramp without compromising chromatographic performance and the transfer line temperature should be no lower than 30°C below the highest temperature of the GC column oven program in the active method (Varian Inc. 2009 ). Hence, relevant but different values of temperature were optimised and set for both analyses of chloropropanols and PAHs separately. Because of some differences between these temperatures for chloropropanols and PAHs, for simultaneous analysis, a compromise had to be approved involving the use of average temperature values. However, this compromise and the necessity of temperature column changes at the beginning of the analysis resulted in probably worse chromatographic performance (see Fig. 2b, c) .
A simultaneous GC-MS measurement was also performed for the spiked samples of investigated matrices. These results were compared with the results obtained in separate analyses of PAHs and 3-MCPD (Table 3) . The recovery values calculated for analyses conducted separately for chloropropanols and PAHs ranged from 76 to 107 % and from 50 to 110.3 %, respectively fulfilling the requirements described in European Commission 2011b. In case of chromatographic analyses performed simultaneously for chloropropanols and PAHs, comparable values of recovery in all investigated matrices were observed only for 3-MCPD. For polycyclic aromatic hydrocarbons, the results were lower and did not reach the limits 50-120 %. Among PAHs, acenapththylene was the only compound with similar recoveries received in simultaneous and separate analyses. However, this remark has not been reported for this cereal coffee and smoked cheese. For other compounds, the recovery rates achieved in simultaneous GC-MS analysis were very low and some compounds were not detected at all (dibenzo[a,h]antracene and benzo[g,h, i]perylene). The acceptable recovery values for most compounds were noticed merely for sweet biscuits, while for cereal coffee, only the recovery of indene [c,d] pyrene was reported within established limits. These findings led to the conclusion that although a simultaneous sample preparation step for the determination of 3-MCPD and PAHs was possible, the chromatographic assay did not give appropriate results and it was necessary to perform two separate GC-MS analyses.
Validation Protocol
The developed analytical procedure was subjected to validation process that involved method specificity (matrix effects), linearity, limit of detection, limit of quantification, precision, accuracy and uncertainty according to the criteria established by the European Commission (2011b) and also interpreting the general requirements for the competence of testing and calibration laboratories laid down in ISO standard 17025 (ISO/IEC 2005).
The matrix effects were estimated on the percentage (%ME) of the difference between the slope values of the matrix match calibration curve and the solvent one (Table 4) . %ME was in the range 93-107 % for PAHs and 87-103 % for 3-MCPD (data not shown). Assuming that matrix effects occur when the %ME is higher than 20 % (Farajzadeh et al. 2014) , the matrix effects were not observed.
Linearity of the method (the correlation coefficient of calibration curve) was calculated for solvent and matrix-matched (Table 4) . Limit of detection (LOD) and limit of quantification (LOQ) were estimated on the basis of the signal of the background noise measured from the standard chromatograms at the lowest calibration level. The limit of detection was calculated as three times higher than the level of noise, and the limit of quantification was equal to three times of the detection limit. LOQs were lower than 0.9 μg kg −1 for PAHs and 9.3 μg kg −1 for 3-MCPD.
The repeatability expressed as a relative standard deviation (RSD r ) was calculated from six spiking samples analysed on the same day with the same instrument and the same operator while reproducibility (RSD R ) included preparation and analysis from three different days of six spiking samples, by different laboratory technicians, using different series of reagents and calibration curves. The values of HORRAT r and HORRAT R were calculated based on RSD r and RSD R , according to Horwitz equation (European Commission 2011b). In case of PAHs, the achieved results of repeatability and reproducibility for all matrices were below 12.4 and 16.5 %, respectively, with HORRAT values lower than 2 for each of the compounds, which was in accordance with EU criteria. For 3-MCPD, RSD r and RSD R were lower than 5.6 and 7.7 %, respectively in all examined products not exceeding thereby the values established by European Commission (2011b).
The method accuracy was determined with the recovery using spiked samples, because no certified PAH and 3-MCPD reference materials of all matrices were available.
All results were found within acceptable limits and ranged from 50 to 110 % for PAHs and 76 to 107 % for 3-MCPD.
Estimation of measurement uncertainty was accomplished according to the EURACHEM/CITAC guideline (EURACHEM/CITAC 2012) by identifying and quantifying the uncertainty components of whole analytical process. The relative expanded uncertainties (rU c ) expressed as a percent value (p = 0.05; k = 2) for all PAHs were in the range 9.5-17.8 % and for 3-MCPD in the range 11.8-14.9 (Table 4) which are below the limits established by EU.
Conclusions
The outcomes resulted from the experiment reported in this study indicate that the simultaneous sample preparation for the determination of PAHs and 3-MCPD combined with freezing out of the fat sample extracts can be an effective and simple analytical approach providing appropriate validation parameter values. However, the results showed that separate chromatographic measurement and use of MgSO 4 during extraction and cleanup were imperative to ensure appropriate levels of PAH recoveries.
The simultaneous sample preparation in the determination of PAHs and 3-MCPD is evidently beneficial from an economical point of view. First of all, it reduces the cost of reagents and other materials, mainly sorbents, which are the most expensive. Simultaneous preparation of samples generates also less waste and shortens the time required, which is [g,h,i] perylene, 3-MCPD 3-monochloropropane-1,2-diol, r correlation coefficient, RSD r repeatability, RSD R reproducibility, rU c relative expanded uncertainty, LOD limit of detection, LOQ limit of quantification especially important in case of a larger batch of samples, for example in routine surveys of food within the monitoring studies. It should be emphasised as well that simultaneous sample preparation procedures are especially relevant when it comes to a very small amount of sample that might not be enough for a number of different assays or dividing the sample into smaller ones is for certain reasons difficult or impossible.
The study also demonstrated the flexibility of QuEChERS method as a technique for sample preparation in the analysis of various organic contaminants in food. Besides individual analyses such as pesticide residue analysis, PAHs, and mycotoxins, this sample treatment can be successfully applied for the simultaneous extraction of analytes with different physicochemical properties (polarity, water solubility, etc.), and cleanup of the undesirable matrix components. However, some other factors (e.g. chromatographic conditions during GC-MS analysis) cause the necessity to use separate routes to be followed during the analysis. Thus, our findings may be some preliminary foundation in this area of interest and encourage other researchers to develop simultaneous sample preparation methods with overcoming the difficulties mentioned above.
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